ABSTRACT
Introduction
Pediatric urolithiasis is a major medical problem particularly in some geographic regions of the world such as the Middle East, South Asia, and North Africa. The incidence of pediatric renal calculi is rare in developed countries (1) but has been increasing in the Western world (1, 2) especially in females, Caucasians, and older children (3) . Since pediatric patients with urinary stones have a high risk of recurrence; the best option is to perform surgical treatment with the lowest amount of stone residue (4) . Percutaneous nephrolithotomy (PCNL) has become the standard surgical treatment for large renal calculi. Over time, the procedure has become relatively minimally invasive. The continuation of the advancement in technology has led to the development of tubeless surgical procedures that rely on internal ureteral stents rather than percutaneous tubes for post-operative management.
Originally, a large-bore nephrostomy tube remained indwelling at the end of the procedure to facilitate maximal collecting system drainage, tamponade the access tract and secure repeat access to the collecting system (5) . However, multiple studies have demonstrated a significant rate of morbidity associated with indwelling nephrostomy tubes following PCNL, such as increased post-operative discomfort with significant narcotic requirements and longer lengths of hospitalization (6, 7) . This realization lead to the introduction of smaller nephrostomy tubes, which have been shown to improve post-operative patient comfort without an increase in bleeding complications in specially selected patients (8) . As a result of these studies, the idea of the "tubeless" PCNL was born, where a nephrostomy tube is not left in place following the percutaneous procedure, but instead renal drainage is established with an indwelling ureteral stent (6, 7) . In some instances, a "totally tubeless" procedure is performed, without the use of an indwelling ureteral stent or nephrostomy tube, in an attempt to further decrease discomfort and morbidity associated with the procedure (9). The "totally tubeless" PCNL has been reported as safe and effective. On the contrary, this approach has not been widely accepted, likely due to the concern for urinary extravasation, obstruction by residual stone fragments, or the need for repeated access (10) . There are some randomized clinical trials which compared tubeless with standard PCNL in children (11) (12) (13) . To our knowledge, there were no systematic reviews and meta-analyses reported to compare their outcomes. Therefore, this systematic and meta-analysis was designed to compare the post-operative results between tubeless and standard PCNL among pediatric patients.
Materials and methods
The review was conducted in accordance with the guidelines described in the Cochrane handbook for the systematic review and meta-analysis of interventions.
Eligibility criteria and study characteristics
The criteria for inclusion were: (i) patients under the age of 18 who have undergone PCNL; (ii) the study involved the comparison of a tubeless PCNL group with a standard PCNL (iii) the study was a published or an unpublished randomized controlled trial (RCT); (iv) the primary outcome was the stone clearance, while the secondary outcomes were operation time, the length of hospital stay, hemoglobin decrease, blood transfusion rate, perirenal fluid presence, post-operative fever, stone clearance rate, and the need for a second operation. We considered all reports of pre-specified complications irrespective of their timing.
Only studies written in English were included in the metaanalysis. Data on cost effectiveness were not included in many of the research papers, so cost effectiveness was not used as an eligibility criterion.
Study identification and data abstraction
Two independent reviewers completed a systematic, computerized search of online databases, including Pubmed, Ovid, MEDLINE, EMBASE, the Cochrane Controlled Trials Register, HealthSTAR, CINAHL, Google, and Google Scholar for trials of tubeless PCNL and standard PCNL published in English through June 2016. The keywords used for the search included PCNL, child, and children, pediatric, tubeless, percutaneous nephrolithotomy. Then, a MEDLINE search was refined to clinical trials and RCTs. We also searched the Cochrane Database of Systematic Reviews, the Cochrane Central Register of Controlled Trials, www.Clinicaltrials.gov, Centre watch (www.centerwatch. com), Trials Central (www.trialscentral.org/ClinicalTrials.aspx), and The United Kingdom National Research Register (www. nrr.nhs.uk).
After reviewing the titles of the studies, we retrieved the abstracts, if appropriate, to use in our study. We independently reviewed these abstracts and chose those that were potentially relevant to our work. We reviewed the bibliographies of all included studies to identify any others that should be included. We searched the archives of the meetings of The European Association of Urology, the American Urological Association, and the British Association of Urological Surgeons for further potential studies.
A data-extraction form was designed and agreed to by the authors. Initially, two authors independently extracted the data, which were later reviewed jointly to reach agreement on accuracy. Data that were collected from all manuscripts for both the tubeless PCNL group and the standard PCNL group included the number of patients; the number of renal units, participants' mean age, sex, stone burden, operation time, hemoglobin decrease, blood transfusion rate, perirenal fluid presence, post-operative fever, stone clearance rate, length of hospital stay, the need for a second operation, and the number of nephrostomy access tracts. Disagreements were resolved by consensus or consultation with the senior authors. The authors of individual trials were contacted directly to provide additional information when necessary.
Statistical analysis
The Review Manager Database (RevManversion 5.0, The Cochrane Collaboration 2008) was used to analyze the selected studies. Continuous data for each arm of a particular study were expressed as mean and standard deviation. Dichotomous data were expressed as proportions or risks, with the treatment effect reported as a relative risk with 95% confidence intervals (CI).
The data were analyzed for outcomes that were of interest to us. The risk ratio (RR) was defined as the number of patients requiring allogeneic transfusions and the incidence of perirenal fluid presence, post-operative fever, and the need for a second operation. An RR value of less than one indicated that fewer patients in the tubeless PCNL group required allogeneic blood transfusions or developed perirenal fluid presence, post-operative fever, and the need for a second operation than in the standard PCNL group.
The heterogeneity between the studies was assessed using the chi-squared test and the I 2 statistic. The latter is a measure of the percentage of variation in the data that results from heterogeneity as opposed to chance. A p value of <0.1 and an I 2 value >50% were considered suggestive of statistical heterogeneity, prompting a random-effect modeling estimate. Conversely, a non-significant chi-squared test result (a p value ≥0.1 and an I 2 value ≤50%) only suggested that there was no evidence of heterogeneity; it did not necessarily imply that homogeneity existed because there may have been insufficient evidence to be able to detect heterogeneity. The Mantel-Haenszel (M-H) method was used to combine the studies. If the significant heterogeneity was indicated (p<0.1 and I 2 >50%), a random-effect model was used; if not, a fixed-effect model was used. In addition, funnel plots were constructed for the outcomes to assess publication bias, i.e., the tendency not to publish studies with a negative result. The more asymmetric the funnel plot was, the more potential bias there was. Statistical significance was set at p<0.05.
Results
Using our search terms, 187 references were identified. We excluded 184 of the studies after applying our eligibility criteria to their titles and/or abstracts, including exclusion of duplicates. These remaining three studies were included (Fig. 1) . The eligible trials included three relevant comparisons (Tab. I) involving 147 participants.
Study presentations
Aghamir et al (11) in a prospective randomized clinical trial, evaluated the outcomes and safety of the totally tubeless PCNL in comparison with standard PCNL in children under the age of 14 years in 23 patients. The patients were divided into two groups according to block randomization. They showed that the length of hospital stay, and the average analgesic use, were significantly lower in the tubeless group. The operation time, transfusion rate, complications, retreatment, and the hemoglobin drop were not significantly different. They concluded that "totally tubeless" PCNL in pediatric patients resulted in decreased hospital stay and analgesic use with no more complications. Thus, it can be considered as a standard and cost-beneficial procedure in a specially selected group of patients.
In a prospective randomized clinical trial, Samad and Zaidi (12) compared the post-operative outcomes between tubeless and conventional large-bore nephrostomy tube drainage following PCNL in children. The trial comprised 54 patients aged <14 years who were randomized to placement of a 16F nephrostomy tube (30 renal units) or tubeless drainage (30 renal units). The trial showed significantly less requirements for postoperative pethidine in the tubeless group versus the standard PCNL group. There was no significant difference in the postoperative clearance and complications between two groups, while the duration of hospital stay was significantly shorter in tubeless compared to standard PCNL. Authors concluded that tubeless PCNL in children is safe and effective. Post-operative analgesia requirement is less and the hospital stay is shortened in the tubeless group compared to standard PCNL.
In a prospective randomized clinical trial, Song et al (13) assessed the possible benefits of mini-percutaneous nephrolithotomy (MPCNL), as compared to standard PCNL. The trial was conducted in 70 patients of pre-school age. The trial showed length of hospital stay was significantly lower in tubeless PCNLs compared to standard PCNLs. On the other hand, the operation time, hemoglobin decrease, blood transfusion rate, perirenal fluid presence, post-operative fever, stone clearance rate, the need for a second operation and number of nephrostomy access tracts were not significantly different. They concluded treating pre-school children with tubeless PCNL has advantages over standard PCNL, including faster recovery time and shorter hospital stay.
Primary outcome meta-analysis

Stone clearance rate
We conducted fixed effect meta-analyses because the results from studies reporting stone clearance rate between tubeless and standard PCNL groups showed no significant heterogeneity (I 2 = 0, p = 0.39). There was no significant difference between tubeless compared to standard PCNL (RR 1.02, 95% CI 0.93 to 1.11, p = 0.68).
Secondary outcomes meta-analysis
Length of hospital stay (days)
We conducted random-effect meta-analyses (Fig. 2) because the results from studies reporting length of hospital stay between tubeless and standard PCNL groups showed significant heterogeneity. Obviously, patients who underwent tubeless PCNL had a shorter length of hospitalization compared to standard PCNLs (mean difference -1.57, 95% CI -3.2 to 0.07, p = 0.06) (Fig. 3) , while there was a difference, it was not statistically significant. 
Operative time (min)
We conducted fixed-effect meta-analyses because the results from studies reporting operative time between tubeless and standard PCNL groups showed no significant heterogeneity (I 2 = 67%, p = 0.05). There was no significant difference in operative time between tubeless and standard PCNLs (mean difference -0.7, 95% CI -5.1 to 3.7, p = 0.7) (Fig. 4) .
Hemoglobin decrease (mg/dL)
We conducted fixed-effect meta-analyses because the results from studies reporting hemoglobin decrease between tubeless and standard PCNL groups showed no significant heterogeneity (I 2 = 67%, p = 0.05). No significant decreasing was detected in hemoglobin after tubeless PCNL compared to standard PCNL (mean difference 0.05, 95% CI -0.03 to 0.13, p = 0.2).
Perirenal fluid presence
We conducted fixed-effect meta-analyses because the results from studies reporting perirenal fluid presence decrease between tubeless and standard PCNL groups showed no significant heterogeneity (I 2 = 0, p = 0.61). There was no significant difference between tubeless compared to standard PCNL (RR 4.5, 95% CI 0.5 to 36.4, p = 0.15).
Postoperative fever
We conducted fixed-effect meta-analyses because the results from studies reporting postoperative fever between tubeless and standard PCNL groups showed no significant heterogeneity (I 2 = 0, p = 0.61). There was no significant difference between tubeless compared to standard PCNL (RR 0.85, 95% CI 0.35 to 2.04, p = 0.72).
Need for a second operation
We conducted fixed effect meta-analyses because the results from studies reporting the need for a second operation between tubeless and standard PCNL groups showed no significant heterogeneity (I 2 = 22, p = 0.33). There was no significant difference between tubeless compared to standard PCNL (RR 0.92, 95% CI 0.25 to 3.33, p = 0.90).
Blood transfusion rate was 0 in both groups in all studies (Tab. I).
Discussion
Our findings indicated no significant difference between tubeless compared to standard PCNL in stone clearance. While obviously patients who underwent tubeless PCNL had a shorter hospital stay, it was not significantly different compared to the patients who underwent standard PCNL. Allogeneic blood transfusions and developed perirenal fluid presence, post-operative fever and the need for a second operation were not different between the two groups.
Previous studies have demonstrated the safety and effectiveness of PCNL in children, that young age and low weight were not insurmountable barriers to the minimally invasive approach (14) . However, most early studies focused on older children who have a larger body habitus and are therefore similar to the adult population (15, 16) . Recently, multiple groups have investigated the role of tubeless and totally tubeless PCNL in young children as well as in adolescents, to determine if the technique confers similar benefits noted in the adult population. A 2012 randomized study by Samad and Zaidi (12) compared outcomes of conventional and tubeless PCNL in patients under the age of 14 years who were undergoing a single-tract, uncomplicated procedure. One limitation of this study was that an external ureteric catheter, which may serve as an alternative to an indwelling ureteral stent, was left in place post-operatively in the tubeless cohort (average time stent indwelling 1 day ±0.2). In this population, the authors noted significantly shorter hospital stays. This result was later supported by Aghamir et al and Song et al studies (11, 13) . We have shown shorter hospitalization in this meta-analysis. The difference was not significantly different, although this may be because of highly heterogeneity between the studies. Also, in adults, Falahatkar et al (17) showed renal dysfunction, upper urinary tract abnormality, significant hydronephrosis, multiple tracts, post-operative hemoglobin and hemoglobin drop predicted complications and as a consequence, the length of hospital stay. Some of these predicted complications were similar between the two groups. Therefore, with the support of our findings, we can conclude that no significant difference was found between two groups in length of hospital stay.
In the presented study, the operation time was not significantly different between the two groups. Our findings supported previous study findings (11) (12) (13) , which showed no significant difference between the groups in operation time.
Bleeding associated with PCNL becomes a challenge for the physician regarding the safety and efficiency of this procedure. In previous studies, there was no difference in hemoglobin decrease, and consequently, the need for transfusion in children who underwent tubeless versus standard PCNLs (11) (12) (13) . Our meta-analysis result was in agreement with the previous finding. Factors including longer operation time, staghorn stones, large-sized stones, multiple percutaneous tracts used, solitary kidney, and the presence of diabetes mellitus were associated with increased renal hemorrhage during PCNL on multivariate analysis of previous studies (18, 19) . Therefore, with similarity of above factors between the two groups, it is predictable that hemoglobin decrease is found not be significantly different. Furthermore, in selecting children for tubeless or totally tubeless PCNL, the most important criteria appear to be appropriate patient selection, as in the adult population, with consideration of pre-operative patient characteristics (renal dysfunction, renal anomalies) and intra-operative course (concern for bleeding, collecting system injury, or percutaneous access issues).
In this meta-analysis, we showed overall complication rates including perirenal fluid presence, post-operative fever, and the need for a second operation were not different between standard PCNL and totally tubeless PCNL. However, some totally tubeless patients did require a second procedure for internal ureteral stenting due to a urine leak in previous studies. Such complications, although rare, should be considered significant in the pediatric population where limitation of anesthetic exposure should be of paramount concern.
To our knowledge, this is the first systematic review and meta-analysis comparing tubeless versus standard PCNLs in children. There were some limitations. We could not assess the post-operative analgesia usage between groups because different analgesia with different dosages were used in these studies. However, it is obvious that, if pediatric patients have an indwelling stent, they require a second general anesthesia for removal; since it may be a driving force along with postoperative analgesia. Another limitation is that one of the studies (13) only included children aged <3 years, which is a different population than those studies that included children aged 0-17 years. Therefore, it might have impacted the outcomes of the meta-analysis. The small number of studies and patients are another limitation.
In conclusion, this study showed no significant difference between tubeless and standard PCNLs in children. However, due to the lack of data, the results should be mentioned prudently. Future randomized trials with greater sample sizes and longer follow-ups are warranted.
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